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Abstract 
Effective immobilization of biomolecules at transducer interfaces plays a crucial role in biosensors development. In 
this work, we compared several silicon nitride (Si3N4) surface silanization methods in terms of efficient biomolecule 
immobilization either through physical adsorption or covalent binding. Two silanizing agents, namely 3-
aminopropyltriethoxysilane (APTES) and 3-glycidyloxypropyltrimethoxysilane (GOPTS), were employed. It was 
found that silanization with GOPTS provided slightly higher protein immobilization capacity and homogeneity and 
lower non-specific binding as compared to APTES modification. Therefore, it could be employed for the effective 
functionalization of Si3N4 waveguides for biosensing applications. 
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1. Introduction 
Silicon nitride (Si3N4) films is of growing interest in integrated optoelectronic devices due to its high 
refractive index which make it attractive for the fabrication of integrated optical waveguides [1]. To 
transform these waveguides to biosensors, surface functionalization that will allow biomolecules 
immobilization is required. Silanization is the most commonly used approach for activation of these 
surfaces for biomolecules attachment.  The biomolecules are immobilized onto the surface either through 
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physical adsorption or covalent binding. The aim of this study was to determine the most appropriate 
silanization method so as to achieve high uniformity and surface density of immobilized proteins on 
silane modified planar Si3N4 waveguides. Therefore, we compared two of the most commonly used 
reagents for modification of silicon nitride surfaces, namely 3-aminopropyltriethoxysilane (APTES) and 
3-glycidyloxypropyltrimethoxysilane (GOPTS) employing different activation procedures. Both physical 
adsorption and covalent binding (employing glutaraldehyde as bifunctional reagent) of proteins was 
attempted for APTES modified substrates. On the other hand protein immobilization onto GOPTS 
activated surfaces is mainly governed by covalent bonding through the free amine-moieties of the 
proteins. The selection of the most appropriate modification/activation procedure was based on the 
immobilization efficiency, the minimization of non-specific-binding (NSB), the retention of the 
immobilized biomolecule binding capacity as well as on its binding stability against extensive washings.  
2. Experimental  
2.1 Silanization procedures 
Planar Si3N4 waveguides prepared as it has been described previously [2] were used as substrates. 
Chemical activation of these substrates was performed using APTES and GOPTS (Fig. 1) as silanizing 
agents.  
 
 
Fig. 1: (a) Chemical structure of 3-aminopropyltriethoxysilane (APTES) and (b) 3-glycidoxypropyltrimethoxysilane (GOPTS). 
 
Prior to silanization the surfaces were cleaned/hydrophylized by short exposure (20-30 s) in O2 
plasma. The different silanization protocols tested are presented in Table 1.  
 
Table 1. Silanization protocols 
 
Protocol number Protocol 
1 0.5 % (v/v) aqueous APTES solution for 20 min, washing with distilled water, drying with N2 [3] 
2 0.5 % (v/v) aqueous APTES solution for 2 min, washing with distilled water, drying with N2 
3 0.5 % (v/v) aqueous APTES solution for 20 min and 1% (v/v) glutaraldehyde for 2 hours, , washing with 
distilled water, drying with N2 [4] 
4 1% (v/v) GOPTS in toluene for 18 h, rinsing several times with water and ethanol and ultrasonic bath in 
ethanol for 20 min, drying with N2 [5] 
5 100% (v/v) GOPTS in surfaces for 45 min, rinsing and sonication for 15 min in ethanol, drying with N2, 
FXULQJDWÛ&IRUPLQ 
6 1% (v/v) GOPTS in 94:5:1 (v/v/v) ethanol/water/N,N-diisopropylethylamine for 30 min, rinsing with 
propan-2-ol for 5 min, and distilled water, drying with N2 
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2.2 Spotting and array detection 
 
Deposition of biomolecules spots onto silane modified Si3N4 substrates was performed using the 
BioOdyssey Calligrapher Mini Arrayer (Bio-Rad Laboratories Inc., USA). The spotting solution was a 
100 ȝg/mL streptavidin solution in 50 mM phosphate buffer, pH 8.5. After spotting, the surfaces 
remained for at least 18 h under controlled temperature and humidity conditions (15oC and 65% 
humidity) and then were washed with 50 mM phosphate buffer, pH 8.5, and blocked with a 10 g/L BSA 
solution in 0.1M NaHCO3, pH 8.5, for 1 h at room temperature, in order to cover the remaining free 
binding sites of the surface and reduce non-specific binding of the labelled molecules. The surfaces were 
then washed with 50 mM phosphate buffer, pH 8.5, and distilled water and dried under N2 flow. The 
immobilized streptavidin was detected through reaction with biotinylated oligonucleotide labelled with 
AlexaFluor 546 for 30 min at room temperature, followed by washing and drying. Fluorescence images of 
the immobilized biomolecules spots were acquired with an Axioskop 2 Plus epifluorescence microscope 
(Carl Zeiss, Germany), equipped with a Sony Cyber-Shot digital camera, and processed with the 
ImagePro Plus image analysis software (Media Cybernetics, Inc., USA).  
3. Results and discussion 
As it is shown in Figure 2A, the surface protein binding capacity and repeatability (standard 
deviation of mean fluorescence values) on APTES functionalized surfaces obtained through physical 
adsorption (protocol 1) was superior to that obtained through covalent binding by employing 
glutaraldehyde as bifunctional ligand for protein coupling (protocol 3). On the other hand, amongst the 
protocols employed for modification of silicon nitride surfaces with GOPTS, the highest protein binding 
capacity was achieved following protocol 4. This protocol also provided protein binding capacity similar 
to that received by the APTES modified surfaces following the protocol 1. Thus, these two protocols were 
selected for further evaluation. The stability of the immobilized proteins towards extensive washing with 
a low ionic strength buffer and additional washing with a buffer containing a high concentration of 
chaotropic ion was also tested (Fig. 2B). The stability of binding was satisfactory for both APTES and 
GOPTS modified surfaces, although the immobilization in case of APTES modified surfaces was due to 
physical adsorption whereas in case of GOPTS modified surfaces the immobilization mechanism was 
predominantly covalent bonding. 
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Fig. 2. (A) Representative fluorescence intensity values obtained from silicon nitride surfaces functionalized following the protocols 
1-6 (see Table 1) after immobilization of streptavidin and reaction with AF546 labelled biotinylated oligonucleotide. Each column 
represents the mean signal of 12 spots. Bars represents ±SD. (B) Representative fluorescence intensity values obtained from silicon 
nitride surfaces functionalized either with protocol 1 (hatched columns) or protocol 4 (black columns) after immobilization of 
streptavidin and reaction with AF546 labelled biotinylated oligonucleotide (1), subsequent 1-hour washing with phosphate buffer 50 
mM, pH 8.5 (2), followed by 10-min washing with phosphate buffer 50 mM, pH 8.5, containing 1M KCl (3). 
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Examination of spot created by application of protocols 1 and 4, respectively, showed that the intra 
spot signal variation were significantly lower for GOPTS modified surfaces compared to APTES 
modified ones (Fig. 3). In addition, the non-specific signal values determined from the fluorescence signal 
values around the spots was marginally higher in case of APTES as compared to GOPTS modified 
surfaces. 
 
 
 
 
 
 
 
 
 
Fig. 3. Representative epifluorescence microscope images obtained from silicon nitride surfaces functionalized with: (A) protocol 1 
or (B) protocol 4 after immobilization of streptavidin spots and detection with AF546 labelled biotinylated oligonucleotide. 
 
4. Conclusion 
Silanization using GOPTS following the protocol 4 provided slightly higher protein immobilization 
capacity and homogeneity and lower NSB as compared to APTES. Therefore, this method could be 
employed for the effective functionalization of Si3N4 waveguides for biosensing applications. 
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